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Abstract 
 Mixed-format Tests combine Multiple Choice questions test (MC) with Dichotomous Item 
Response (DS) and Construct Response test (CR) with Polytomous Item Response (PS). Combining two 
types of items on one assessment enhances both the reliability and validity of the assessment, thereby 
enhancing the strength of multiple-choice test and Construct response test. The problems encountered in 
the design are also evident in the proportion of tests scoring Dichotomous and Polytomous Item 
Response. It allows the use of a combination of high efficiency test. The objective of this research was to 
study and compare the efficiency of Mixed-format tests when the proportion of tests scoring 
Dichotomous and Polytomous Item Response are different (20: 80  50:50 and 80:20)The efficiency 
evaluation of the Mixed-format tests considers the standard error of estimation (SE(θ) index and BIAS 
index. The MANOVA was analysed to compare the mean of SE(θ) index and BIAS index. Monte Carlo 
method was used for data simulation. Dichotomous and Polytomous Item Response Models , i.e. Three-
parameter Logistic Model and Generalized Partial Credit Model (GPCM) are used for marking. The 
research findings showed proportion of the tests that used Dichotomous and Polytomous Item Response  
affected SE(θ)and BIAS at 0.5 significant  level. Moreover, proportion of the tests that used different 
Dichotomous and Polytomous Item Response affected SE(θ) and BIAS at 0.5 significant level. In 
addition, SE(θ) at ability level of -3.0  0.0  and 3.0 as well as BIAS would have the least value at the 
proportion of tests that used  Dichotomous and Polytomous Item Response of 20:80, 50:50 and 80:20 
respectively. 

© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of  Dr. Zafer 
Bekirogullari of  Cognitive – Counselling, Research & Conference Services C-crcs. 
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Introduction  Educational measurement and psychology is the inner characteristics measurement which could 
not be directly observed. However, it is important to study because inner characteristics affect or 
influence external expressions of a person. The study would create understanding on the cause of people 
behaviour (Kanjanawasee, 2005). Educational measurement is mainly used for measuring learning 
achievementwhich measures learning success and learning experiences gained from teaching and  
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learning at school.This includes the measurement of students’ basic knowledge and readiness as well as 
learning progress. It is also measure to examine the learning and making summative evaluation at the end 
of the teaching and learning process. The measurement is beneficial for teaching improvement and 
development. Achievement test is mainly used as the measurement tool (Tipsuwankul,  2001 ; Ridjumroon, 
2005 ;  Kanjanawasee, 2005). 
 At present, attempts have been made to measure beyond content knowledge and understanding. It is 
aimed to measure students’ proficiency and skills on analytical thinking, synthesis thinking as well as creative 
thinking. Using only a single type of test would definitely limit the scope of measurement since both multiple-
choice test and construct response test have their strengths and weaknesses. It would hardly cover all aspects of 
students’ knowledge and proficiencies measurement (Kinsey, 2003; Kim Walker and McHale, 2007; 
Reshetar and Melican, 2010). It is, therefore, necessary to use the test that combines two types of tests 
alongside each other which is known as mixed-format tests. The tests comprise multiple-choice  test with 
Dichotomous Item Response (DS) and Construct Response  test (CR) with Polytomous Item Response 
(PS).
 From the rational mentioned above, it can be seen that mixed-format test would help reduce the 
limitations and constraints of multiple-choice test and Construct Response test while the strengths of  both test 
types are used. The mixed-format tests have been utilized both at the national and international levels. The 
problems, however, were found at the test design and developing stage due to unclear situation in specifying 
the good proportion of Dichotomous Item Response (DS) and Polytomous Item Response (PS) that would 
make the mixed-format tests become highly effective measurement tool for teaching and learning.   

Research Objectives 
 
1. To study the effectiveness of mixed-format tests by the proportion of Dichotomous Item 
Response (DS) and Polytomous Item Response (PS). 
2. To compare the effectiveness of  mixed-format tests when the proportion of Dichotomous Item 
Response (DS) and Polytomous Item Response (PS) are different.  

Methodology 
This study is an experimental research using simulated data. The research procedures are as follows; 
 
1.  Data simulation 
The process of data simulation can be shown by the following chart. 
 
 
 
 
 
 
 
 
 
 
 

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Chart 1 Data simulation process 
 
Data analysis 
1.  Calculation on effectiveness of the mixed-format tests 
   1) The standard error of estimation index (SE(θ) can be found using the following formula; 
   ,
6(
θ
=θ 



BIASindex can be found using the following formula;
1. Conditions applied in data simulation 
 
1.1 Simulation samples are 1,000 persons. 
1.2 Number of mixed-format tests are 3 which compose of studying 
conditions, i.e. 3 proportions of  Dichotomous Item Response (DS) and 
Polytomous Item Response (PS). 
2. Data simulation using WinGen program 
 
2.1 Specify examinees  parameters. 
2.2 Specify item parameters. 
2.3 Answers of examinees simulation and ability level estimation (θ). 
3. Data analysis using the data from the data simulation 
 
3.1  Verification of the data unidimensionality. 
3.2  Quality verification on Reliability of mixed-format  tests. 
4. Criteria for effectiveness measurement of the mixed-format tests 
 
4.1 The standard error of estimation (SE (θ). 
4.2  BIAS 
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 Comparison of the effectiveness of the mixed-format tests using MANOVA

5HVXOWVDQG'LVFXVVLRQ
    1.  Effectiveness of mixed-format tests with different proportions of Dichotomous Item Response 
         (DS) and Polytomous Item Response (PS) 
 The following diagram shows the Standard Error (SE(θ) and BIAS where the effectiveness of 
mixed-format tests with different proportions of Dichotomous Item Response (DS) and Polytomous 
Item Response (PS) can be considered.   
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Diagram 1  The Standard Error (SE(θ) and BIAS of mixed-format tests with different proportions  
         of Dichotomous Item Response (DS) and Polytomous Item Response (PS) 

 From diagram 1, the efficiency of mixed-format tests when the proportion of tests scoring 
Dichotomous and Polytomous Item Response are different can be observed. It was found that the mixed-
format test with the proportion of 20:80 had the lowest SE and BIAS values whereas the ones with proportion 
of 50:50 and 80:20 had the higher SE and BIAS values respectively. 





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The results of proportion comparison of the Dichotomous Item Response (DS) and Polytomous  
         Item Response (PS) that affect the mixed-format tests
 
            The comparison of different proportions of the Dichotomous Item Response (DS) and Polytomous  
Item Response (PS) that affect the mixed-format tests using MANOVA are summarised  in the following  
table. 

Table 1  Experimenting results of the effects caused by different proportions of the Dichotomous Item 
               Response (DS) and Polytomous Item Response (PS) in the mixed-format tests. 

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Table 1 found that all of the different proportions of the Multiple Choice questions test (MC) with 
Dichotomous Item Response (DS) and Construct Response test (CR) with Polytomous Item Response 
(PS) affected the mixed-format tests with SE(θ) values of SE(θ=  -3.0)  SE(θ= 0.0)  SE(θ= 3.0) and BIAS 
at 0.5 significant level. Since the proportion of multiple-choice test and construct response test affects the 
estimation of reliability and validity (Nunnally, 1964; Mehren & Lehmann, 1973) which goes in line with 
the study of Kinsey (2003) that found the test proportion influenced the Item Information at 0.5 
significant level.It is also found that the mixed-format test with the proportion of Dichotomous Item 
Response (DS) and Polytomous Item Response (PS) of 20:80 was the most effective compare to those 
with the proportions of 50:50 and 80:20 at 0.5 significant levelThe research results showed that the 
effectiveness of the mixed-format test related to number of test items with Polytomous Item Response 
(PS). It is the construct response test that, Partial Credit Model give marks to the responses. Kim Walker 
and McHale (2007) and Reshetar andMelican (2010) indicated the key strength of construct response tests 
that it reduced answer guessing whereas multiple-choice tests increased right answer guessing 
opportunity (ci). guessing opportunity (ci) affects Item Information of tests. That is when guessing 
opportunity (ci) move towards zero or no guessing opportunity existing, Item Information of the test 
would be higher.  The higher the Item Information, the higher the Test Information Function (TIF). That 
would also lower down the value of SE(θ). Thus, the mixed-format test with the proportion of 
Dichotomous Item Response (DS) and Polytomous Item Response (PS) of 20:80 was the most effective 
compare to those with the proportions of 50:50 and 80:20. It can be explained that since the number of 
Polytomous Item Response (PS) is bigger and the number of Dichotomous Item Response (DS) is 
smaller. The guessing opportunity (ci) decreased and SE(θ) would become smaller accordingly 
(Hambleton & Swaminatan, 1985; Embretson & Reise, 2000; Mehren & Lehmann, 1973). Moreover, Cao 
(2008) and Messick (1995) made comparison of Construct Response test (CR) and multiple-choice test 
that Construct Response test (CR) employs higher content validity than multiple-choice test. It is because 
in the Construct Response test (CR), contents and skills to be measured can be better specified against the 
objectives. Likewise, the test employs higher construct validity than multiple-choice test which the 
answers are limited to the given ones and different ideas, knowledge, or out-of–the-box thinking are 
hardly encouraged.  In addition, Construct Response test (CR) allows authentically measurement. 
Therefore, when the proportion of Construct Response test (CR) or the test with Polytomous Item 
Response (PS) increases, SE(θ) and BIAS would accordingly decrease.  
,  2001 ; Ridjumroon, 2005 ;  , 2005). 
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